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Science Goals and Objectives 

The Potassium (K) - Argon ( Ar) Laser Experiment (KArLE) ad' 
dresses several high priority goals of the MAS A Planetary Science 
Decadal Survey and Mars Exploration Program Analysis Group. 

Augmenting the anticipated suite of Mars 2020 baseline instru- 
ments. the KArLE science goals directly map to key Mars 2020 
mission objectives. The proposed investigation goals are: 

1 . Determine the age of lithologic units investigated by the 
Mars 2020 mission to understand when they formed or 
underwent alteration on the Martian surface and how long 
they may have been enetgy sources for biological activity. 

Add context to the geologic and biologic environment 
investigated by the Mans 2020 mission by using the age of 
local lithologic units to place them into planetary geologic, 
atmospheric, and climate history. r ( 

3. Use age information to help choose “scientifically selected , 
well-documented” samples to be cached for future return. 

investigation Overview 

The KArLE experiment centers on a low-cost, mechanically simple 
chamber, and uses separate supporting instruments that are part of the 
anticipated Mars 2020 payload to make its analysis; ' 

* Sample introduction via the coring/caching system 

■ Elemental analysis via Laser-Induced Breakdown Spectroscopy (LIBS) 

■ Noble-gas analysis via mass spectrometry (MS) 

* Volume detenu i nation via optical imaging 

The KArLE experiment is very flexible in its implementation and can be accomplished 
using any combination of These components, regardless of their specific provider. 
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with an uncertainly < 300 Ma (green solid line) for the oldest rocks, with a baseline 
precision in I he KAr ratio of 15%. By using an isochron approach, uncertainties < 10% 
(blue dashed line) should be achievable for all but the youngest rocks tin Mars, 


KArLE analysis methods have been developed, tested, and validated by three independent laboratories over Hfr person-years (NASA, University of Tokyo , 
University of Paris-Sud). 
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LIBS spectra are collected with every laser pulse and 
averaged over multiple shots. Spectra are corrected tor 
background, normalized to total radiance, and continuum 
subtracted. [K] abundance Is determined by peak area 
comparison with standards. 


UBS $&. *ctm 0 $ mfcradfte sftoHwig x and 0 peaks to air and under 
vacuum (10* PcmtJ UBS wfansHy vanes wtii lion firi ng pressure: noaevw, 
av&o under vacuum, i/s signal I'nrsfisjtty is cteady o'siioguEs/ied from 
the background. 
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Quantitative gas abundance can be measured by different kinds of mass 
spectrometers. "Ar levels in Martian samples are generally sufficient to measure 
against total gas pressure backgrounds of 10 E tarr with 500-750 laser shotslpit. 
The number of shots required is determined by the Af abundance, a function of 
both K abundance and age (older samples require fewer shots). 


Ai gas reJmerf from frus sampto may Dc measured 
tfwfy ft sfattc mass spectrometers, such as this 
qurKhipote mass spectrometer (RGA). 
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K and Ar abundances are related by sample mass. KArLE 
calcufates mass using sample density based cm elemental 
composition end volume determined by Optical imaging, which 
is accurate to wilfrln 10% (see French el at, this conference}, 
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Isochron for Bowlder Creek Granite... 
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When a rock forms, different minerals have different parent 
abundances. As the reck ages, more and more daughter forms 
and the parent is used up. Measuring this ratio allows for dating. 
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Isochron for Fish Canyon Tuff, with 
measurements made using a test set 
up developed under a PIDDP award 

The intercept a trapped 
component is present; the slope defines 
an age af 24,5 Ma t within 20% of the 
accepted tryslalltiotion age of 2S.0 My r. 

Outlier points, uith us seen in the tipper 
left af the phi can only be identified by 
using the Hochton approach 




